Bipolar disorder and schizophrenia overlap in symptoms and may share some underlying neural substrates. The medial prefrontal cortex (MPFC) may have a crucial role in the psychophysiology of both these disorders. In this study, we examined the functional connectivity between MPFC and other brain regions in bipolar disorder and schizophrenia using resting-state functional magnetic resonance imaging (fMRI). Resting-state fMRI data were collected from 14 patients with bipolar disorder, 16 patients with schizophrenia, and 15 healthy control subjects. Functional connectivity maps from the MPFC were computed for each subject and compared across the three groups. The three groups showed distinctive patterns of functional connectivity between MPFC and anterior insula, and between MPFC and ventral lateral prefrontal cortex (VLPFC). The bipolar disorder group exhibited positive correlations between MPFC and insula, and between MPFC and VLPFC, whereas the control group exhibited anticorrelations between these regions. The schizophrenia group did not exhibit any resting-state correlation or anticorrelation between the MPFC and the VLPFC or insula. In contrast, neither patient group exhibited the significant anticorrelation between dorsal lateral prefrontal cortex (DLPFC) and MPFC that was exhibited by the control group. The decoupling of DLPFC with MPFC in bipolar disorder and schizophrenia is consistent with the impaired executive functioning seen in these disorders. Functional connectivity between MPFC and insula/VLPFC distinguished bipolar disorder from schizophrenia, and may reflect differences in the affective disturbances typical of each illness.
INTRODUCTION
A significant body of genetic, imaging, and neuropsychology research has established that schizophrenia and bipolar disorder share substantial overlap in clinical features, as well as in contributing genetic factors (Lichtenstein et al, 2009) . However, there is little specific evidence about shared and distinctive neural substrates of schizophrenia and bipolar disorder. There is evidence for a failure in the prefrontal cortex (PFC) modulation of anterior limbic structures such as the amygdala resulting in emotional dysregulation in bipolar disorder (Strakowski et al, 2005) and for inefficient cognitive information processing in the PFC in schizophrenia (Ragland et al, 2007) .
The ventral and orbital part of the medial prefrontal cortex (MPFC), including Brodmann areas 32, 24, 25, and 10, has extensive and reciprocal connections to the limbic circuit and surrounding prefrontal cortical regions (Ö ngür and Price 2000) , and has been suggested to contribute to the emotional regulation impairment in bipolar disorder (Phillips et al, 2008) . Bipolar disorder patients exhibited elevated functional connectivity between MPFC and amygdala while viewing sad stimuli compared with healthy controls (Versace et al, 2010) . Effective connectivity between MPFC and amygdala has been shown to differentiate bipolar disorder from major depression patients (Almeida et al, 2009 ). These results suggest that MPFClimbic connectivity may underlie the affective disturbance in bipolar disorder.
MPFC is also critical in internal, self-referential processing (Gilbert et al, 2006) , and has been suggested to underlie the impairments in reality monitoring in schizophrenia (Taylor et al, 2007; Vinogradov et al, 2008) . MPFC is a major hub of the default mode network, which is typically more active during rest than during tasks that demand external attention, is thought to mediate internal mental activity (Buckner et al, 2008) . Compared with healthy controls, schizophrenia patients exhibited hyperactivity in the MPFC during a working memory task and increased connectivity between MPFC and other regions of the default mode network (Whitfield-Gabrieli et al, 2009) .
Based on this literature, we aimed to examine the MPFC functional connectivity differences in schizophrenia and bipolar disorder using resting-state functional magnetic resonance (fMRI). Coherent spontaneous blood oxygen level-dependent (BOLD) activity during rest among specific subsets of brain regions is thought to reflect the natural organization of brain networks (Biswal et al, 1995; see Buckner et al, 2008; Fox and Raichle, 2007 , for a review). Abnormal resting-state functional connectivity patterns have been observed in both schizophrenia (Bluhm et al, 2007; Lynall et al, 2010; Whitfield-Gabrieli et al, 2009; Zhou et al, 2007) and bipolar disorder (Anand et al, 2009; Chepenik et al, 2010) .
We previously reported an independent component analysis (ICA) approach to detect default mode network abnormalities in schizophrenia and bipolar disorder (Ö ngür et al, 2010) . The ICA approach identifies collections of brain regions (components) with similar time courses. Such an analysis is driven by patterns in the data, but it does not focus on individual brain regions nor does it provide information about which brain regions are anticorrelated with a given component. This last point is important because anticorrelations are a prominent feature of the brain's intrinsic functional organization and may reflect competitive relationships among different brain networks (Fox et al, 2005) . Complementary to the ICA approach, seed-driven connectivity analysis allows for close examination of correlations and anticorrelations from a seed region of interest (ROI) to other regions in the brain, and has revealed anticorrelated relationships between brain regions in healthy subjects (Fox et al, 2005; Fransson, 2005; Uddin et al, 2009 ) and clinical populations (Hoptman et al, 2010; Whitfield-Gabrieli et al, 2009) .
In this exploratory study, we used a data set largely overlapping with that in our previous report, but we asked a different and specific question, using a seed-driven approach. We examined the functional connectivity between a seed region in the MPFC with other brain regions (correlated or anticorrelated) in resting-state fMRI in three groups of participants: patients with bipolar disorder (N ¼ 14), patients with schizophrenia (N ¼ 16), and healthy controls (N ¼ 15). Previous studies that reported anticorrelations in resting-state connectivity have relied on global signal removal, a common noise correction technique. However, the nature of anticorrelations has been questioned since global signal removal artificially introduces negative correlations (Murphy et al, 2009) . In our analysis, we used a different noise reduction approach, which did not rely on global signal removal (Behzadi et al, 2007) . We hypothesized that bipolar disorder patients would show abnormal MPFC connectivity with anterior limbic regions and with cognitive regions such as the lateral PFC, whereas schizophrenia patients would show mostly abnormalities in connectivity between MPFC and cognitive regions such as the lateral PFC.
MATERIALS AND METHODS

Subjects
Following approval by the McLean Hospital Institutional Review Board, 39 bipolar I disorder patients, currently in a manic episode, 20 schizophrenia patients with acute exacerbation of psychosis and 15 healthy controls were recruited for this study. Usable data were obtained from 14 bipolar disorder patients, 16 schizophrenia patients, and 15 healthy controls (NC, BP, and SZ groups, respectively). All patients were hospitalized in a psychiatric in-patient unit. Participants with significant neurological or medical problems, current substance abuse, or history of substance dependence were excluded. Substance abuse was excluded if it occurred in the past month. Substance dependence was excluded if it occurred lifetime. These substance use disorder criteria apply to alcohol and substances as included in the Structured Clinical Interview for DSM-IV (SCID), but not to nicotine. Nicotine use was allowed. Every bipolar disorder patient was taking lithium (N ¼ 6) or depakote (N ¼ 8), and an antipsychotic at scan time (none on clozapine, one on first-generation (typical) antipsychotic, and remainder on second-generation (atypical) antipsychotics). All schizophrenia patients were taking an antipsychotic (three on clozapine and remainder on other second-generation antipsychotics); four of these patients were also on lithium and two on depakote.
The bipolar disorder cohort had a particularly high rate of attrition, and this was largely due to manic patients' inability to complete the scan. In total, 22 bipolar disorder subjects did not complete the study (an additional three had unusable data due to excessive motion during the scan, or substance use disorder revealed subsequent to the scan). The 22 bipolar disorder patients who did not complete the study had markedly more severe psychotic symptoms (Positive and Negative Syndrome Scale (PANSS) ¼ 82.0) as well as moderately more severe manic and depressed symptoms (Young Mania Rating Scale (YMRS) ¼ 26.9; Montgomery-Asberg Depression Rating Scale (MADRS) ¼ 18.4) than those who did (see Table 1 ). This pattern suggests that our findings may not be generalizable to all patients in a manic episode, especially those with significant psychotic symptoms. Schizoaffective patients were included in the SZ cohort in this study. In all, seven patients in the SZ group were diagnosed as having schizoaffective disorder in the SCID. All of these patients had chronic psychotic symptoms, were hospitalized with an acute psychotic exacerbation, and were not in a mood episode at the time of the study. Thus, their presentation was similar to that of patients with schizophrenia. The structural MRI scans obtained in this study were reviewed by a radiologist, and participants with structural brain abnormalities were excluded. All participants had negative urine toxicology tests. We used an Informed Consent Survey that asks 10 simple questions about the study, such as 'What illness is being studied?' and 'If you don't want to, do you have to be in this study?' Every participant answered these questions correctly, and answers were documented. Patients were assessed using the SCID, YMRS, MADRS, and PANSS on the day of the study. Healthy controls were assessed using the SCID. Chlorpromazine (CPZ) equivalents were calculated for participants taking antipsychotic medications (Woods, 2003) . Demographic and clinical variables and statistical comparisons are in Table 1 . This data set is largely overlapping but not identical with that from another report that used an ICA to examine default mode network abnormalities in bipolar disorder and schizophrenia (Ö ngür et al, 2010) . All 14 patients with BP in this analysis were included in the previous study and constitute a subset of the cohort in that study. Of the 16 SZ patients in this study, 14 were included in the previous study; additional data that became available from two participants were also included in this study.
Procedure
Data were acquired on a 3T Siemens scanner using a standard head coil. T1-weighted whole-brain anatomy images (MPRAGE sequence, 256 Â 256 voxels, 1 Â 1.3 mm 2 in-plane resolution, 1.3-mm slice thickness) were acquired. In addition, all participants underwent a resting fMRI scan of 10 min with the instructions 'keep your eyes open and think of nothing in particular'. Resting scan images were obtained in 42 3.5-mm-thick transverse slices, covering the entire brain (interleaved EPI sequence, T2*-weighted images; 3.5-mm in-plane resolution, repetition time ¼ 2.5 s, echo time ¼ 24 ms, flip angle ¼ 82, 64 Â 64 voxels). To minimize effects of scanner signal stabilization, the first two images were omitted from all analysis.
Data Analysis
fMRI data preprocessing was carried out in SPM5 (Wellcome Department of Imaging Neuroscience, London, UK; http://www.fil.ion.ucl.ac.uk/spm). Images were slicetime corrected, realigned, normalized, spatially smoothed with a 6-mm kernel, and temporally band-pass filtered (0.009ofo0.08 Hz). Functional connectivity analysis was performed using a seed-driven approach with in-house, custom software (Whitfield-Gabrieli and Nieto Castanon, under review). We investigated the connectivity patterns from MPFC. To make it feasible to compare our results with existing resting-state connectivity findings, we created the MPFC seed based on coordinates from previous studies (Fox et al, 2005; Whitfield-Gabrieli et al, 2009 ). The MPFC seed was a 10-mm sphere centered in the anterior cingulate gyrus around MNI coordinates (À1, 49, À2) and included BA 32 and 10. Unlike previous resting-state fMRI analyses in which the mean global brain signal was commonly removed from the time course (Fox et al, 2005; Fransson, 2006) , our analysis used a component-based noise correction method (aCompCor) to estimate physiological and other spurious sources of noise (Behzadi et al, 2007) . Significant principle components of the signals from white matter and CSF regions were removed together with movement-related covariates. Our analysis approach enhances the sensitivity and specificity of positive correlations and produces comparable anticorrelations compared with the standard approach with global signal removal (Chai et al, under review ).
In the first-level analysis, a correlation map was produced for each subject by extracting the residual BOLD time course from the MPFC seed and computing Pearson's correlation coefficients between that time course and the time course of all other voxels. Correlation coefficients were converted to normally distributed z-scores using Fisher's transform to allow for second-level General Linear Model analyses. In the second-level random effects analysis, connectivity maps from the MPFC seed from all participants were entered into a three-level analysis of variance (ANOVA), to identify regions with different MPFC connectivity among the three groups of participants. Regions from the ANOVA that survived a height threshold of po0.001 at the voxel level and an extent threshold of FWE-corrected po0.05 at the cluster level were used as ROIs in post hoc ROI analysis. The connectivity value (Fisher's z-score) between the MPFC seed and each ROI was extracted from the MPFC connectivity map from each participant, to further examine the nature of the connectivity between the MPFC and each of these ROIs in each group (correlated or anticorrelated). Fisher's z-values extracted from the ROIs were converted back to correlation coefficients (r-values) for reporting purposes. Because the differences in age among the three groups approached significance, we conducted an additional analysis in which the age of each participant was included as a covariate to account for effects related to age differences among the groups.
Owing to patient heterogeneity in our sample and the modest sample size in each group, we performed a data simulation to test the reliability of our results. Bootstrapping (resampling with replacement) was performed on the extracted connectivity values between the MPFC and each ROI (Supplementary Information).
In addition to the whole-brain connectivity analysis described above, we also conducted a subsidiary analysis to specifically examine MPFC-amygdala resting-state functional connectivity in the bipolar disorder and healthy control groups, given previous evidence for the importance of MPFC and amygdala in emotional regulation. The left and right amygdala ROIs were defined using WFUpickatlas (Maldjian et al, 2003) . Connectivity values (Fisher's z-score) between the MPFC seed and the amygdala ROIs were extracted from the MPFC connectivity map from each bipolar disorder and healthy control subject. Betweengroup t-tests were conducted to determine if the two groups differed in MPFC-amygdala connectivity.
RESULTS
There were significant differences among the groups for connectivity between the MPFC seed and bilateral dorsal lateral prefrontal cortex (DLPFC), right ventral lateral prefrontal cortex (VLPFC), and left insula (ANOVA F (2,42) test, cluster-level FWE-corrected po0.05; Table 2 ). We examined the nature of the differences in these four ROIs defined by the ANOVA via post hoc ROI level t-tests.
MPFC-DLPFC Connectivity
The control group exhibited significant anticorrelations between MPFC and DLPFC (left DLPFC, mean r ¼ À0.25, t(14) ¼ 5.75, po0.001; right DLPFC, mean r ¼ À0.22, t(14) ¼ 7.89, po0.001). This differed from both patient groups, who showed no significant correlations between MPFC and DLPFC (p's40.3) (Figure 1 Connectivity Between MPFC and VLPFC, and Between MPFC and Insula
The bipolar disorder group showed significant positive correlations between MPFC and left insula (mean r ¼ 0.15, t(13) ¼ 5.81, po0.001), and between MPFC and right VLPFC (mean r ¼ 0.14, t(13) ¼ 4.35, p ¼ 0.001) (Figure 2) . In contrast, the control group exhibited significant anticorrelations between MPFC and right VLPFC (mean r ¼ À0.11, t(14) ¼ 4.49, p ¼ 0.001), and between MPFC and left insula (mean r ¼ À0.05, t(14) ¼ 2.20, p ¼ 0.045). The schizophrenia group did not show any significant correlation between the MPFC and VLPFC (p40.6) or insula (p40.2). The bipolar disorder group differed significantly from both the schizophrenia and the control groups in the MPFC-insula (BP vs controls, t (27) Coordinates (x, y, z) are based on MNI brain (Montreal Neurologic Institute). BA, Brodmann area; z-score, z-score equivalent of the ANOVA F statistic at the peak voxel within each cluster; p-value, FWE-corrected cluster-level p-value.
Within either patient group, we did not find correlations between MPFC connectivity and clinical symptom scores. Age of onset correlated with the MPFC-right DLPFC connectivity within the bipolar disorder group (r ¼ 0.6, p ¼ 0.02). This correlation was not significant after correcting for multiple comparisons. Connectivity values and CPZ equivalents were not significantly correlated in either bipolar disorder (p's40.12) or schizophrenia (p's40.21) patients. It was not feasible to examine the relationship between connectivity and different classes of medication in our data because medication was too varied.
When we included subjects' age as a covariate in the ANCOVA, we found the same brain regions that showed connectivity differences among the three groups. Post hoc ROI analysis of these regions showed the same pattern of results as before, after age was accounted for. We have included the details of these additional analyses in Supplementary Information (Supplementary Table S1 ). Bootstrap resampling yielded the same pattern of results (Supplementary Table S2 ). Connectivity results from the healthy control group are presented in Supplementary Table  S3 and Supplementary Figure S1 .
MPFC-amygdala connectivity was not different between the bipolar disorder group and the healthy control group (left, p ¼ 0.6; right, p ¼ 0.2). MPFC was positively correlated with bilateral amygdala in the control group (left, t(14) ¼ 2.86, p ¼ 0.01; right, t(14) ¼ 4.06, p ¼ 0.001). In the bipolar disorder group, MPFC was positively correlated with the left amygdala (t(13) ¼ 3.15, p ¼ 0.008).
DISCUSSION
In this study, we used a seed-based approach to probe the resting functional connectivity of the MPFC, a region of the prefrontal cortex implicated in both bipolar disorder and schizophrenia. Connectivity between the MPFC and other prefrontal regions revealed differences among the groups. First, neither patient group exhibited the significant anticorrelation between MPFC and DLPFC seen in the control group. The observed absence of anticorrelated activity between MPFC and DLPFC in both bipolar disorder and schizophrenia is consistent with the similarities in cognitive dysfunction known to exist in these two patient groups. Second, only the bipolar disorder group exhibited positive MPFC-insula and MPFC-VLPFC correlations; the schizophrenia group did not exhibit any resting correlation between these regions and the control group exhibited anticorrelations between MPFC and insula, and between MPFC and VLPFC. The distinctive patterns in MPFC-insula and MPFC-VLPFC functional connectivity differentiated the bipolar disorder group from both the schizophrenia group and the control group.
The decoupling of the DLPFC from the MPFC in bipolar disorder and schizophrenia is consistent with the results of task-related activation fMRI studies in these disorders. Reduced activations in DLPFC have been widely reported during executive function tasks in schizophrenia (Weinberger et al, 1986; see, Minzenberg et al, 2009 , for meta-analysis) and in bipolar disorder (Lagopoulos et al, 2007; Monks et al, 2004; Perlstein et al, 2001; Townsend et al, 2010) . MPFC is part of the default mode network, which consists of a set of brain regions that are more active during rest than during cognitive tasks. Dorsal executive control regions including the DLPFC are anticorrelated with the MPFC in healthy subjects during rest (Fox et al, 2005; Fransson, 2005; Kelly et al, 2009; Uddin et al, 2009) . During tasks that demand external attention and executive control, such as working memory tasks, DLPFC is strongly activated, whereas activation in the MPFC is suppressed (Greicius et al, 2003; McKiernan et al, 2003) . Our observations in schizophrenia are consistent with a working memory study Functional connectivity in bipolar disorder and schizophrenia XJ Chai et al that also showed reduced anticorrelation between MFPC and DLPFC in patients with schizophrenia and their first-degree relatives (Whitfield-Gabrieli et al, 2009). Our findings suggest that the cognitive deficits in the patient groups are in part due to a decoupling of MPFC and DLPFC at baseline, which is also manifested during task execution as a failure to activate the DLPFC and failure to suppress MPFC. By contrast with the DLPFC, the MPFC-insula and MPFC-VLPFC connectivity patterns distinguished the bipolar disorder group from both schizophrenia and healthy control groups. Compared with the schizophrenia group and healthy controls, the bipolar disorder group showed hyperconnectivity between MPFC and insula/ VLPFC regions. The MPFC, VLPFC, and the insula are important nodes of the emotional processing network (Elliott et al, 2004; Mayberg et al, 1999; Phillips et al, 2003a, b) . Elevated activations in VLPFC have been observed in bipolar patients during an emotional Go-NoGo task (Elliott et al, 2004) and while viewing emotional faces (Lawrence et al, 2004) , suggesting that dysfunction of the VLPFC may underlie the deficit in mood regulation in bipolar patients. The MPFC and the VLPFC are anatomically connected as part of the medial prefrontal network, which has a major role in eliciting visceral and somatic responses to emotionally salient stimuli (Ö ngür and Price 2000). In contrast to the elevated MPFC-VLPFC connectivity in bipolar disorder group, the control group showed significant anticorrelations between these regions. The VLPFC and anterior insula, as well as the DLPFC have been previously identified as part of the 'task-positive network', which is typically active during task performance than during rest, and has been found to correlate negatively with the default mode network (Fox et al, 2005; Fransson, 2006; Kelly et al, 2008) . Seeley et al (2007) showed that the resting-state network for emotional saliency processing, which includes VLPFC and insula, is dissociable from the executive control network, which links DLPFC and parietal regions. The salience network may be important for switching between external attention and internal processes (Sridharan et al, 2008) . The abnormally high connectivity between the MPFC and insula/VLPFC regions in bipolar patients could contribute to not only the executive control deficits, but also their overly heightened attention to internal emotionally salient processing, which might result in substantial dysregulation of emotion and disturbed responses to affectively salient stimuli (rewarding or aversive) in bipolar disorder (Goodwin and Jamison, 2007) . Our findings could be evidence for an inappropriate coupling between emotional regulation regions (eg, MPFC/ ACC) and emotional processing regions (eg, insula), such that emotional stimuli capture processing resources more easily in bipolar disorder patients.
The bipolar disorder and healthy control groups in our study did not differ in resting-state connectivity between MPFC and amygdala. Versace et al (2010) showed that bipolar disorder patients exhibited higher functional connectivity between MPFC and amygdala while viewing sad stimuli, but reduced MPFC-amygdala connectivity while viewing happy stimuli compared with healthy controls. In healthy participants, amygdala-MPFC connectivity at rest has been linked to individual differences in self-reported anxiety level (Kim et al, 2010) . These evidence suggests that the interaction between amygdala and MPFC might be statedependent. Future functional connectivity studies should take in to account differences in anxiety levels during rest.
Schizophrenia patients in our study showed MPFC-VLPFC connectivity intermediate to those observed in the control group and the bipolar disorder group. Although abnormal VLPFC activation in schizophrenia has been reported, the exact nature of this abnormality is unclear. Some studies point to abnormal activation in the VLPFC (eg, blunted activation in the right VLPFC during a GoNoGo task in patients with schizophrenia (Kaladjian et al, 2007) and a positive correlation between right VLPFC abnormalities and measures of impulsivity (Kaladjian et al, 2011) , but others have found the VLPFC in schizophrenia to be intact (Barch et al, 2001; Manoach et al, 2005) . Often, VLPFC abnormalities are detected in the presence of abnormal activity in the DLPFC, a region more consistently implicated in cognitive dysfunction in schizophrenia. It has been suggested that VLPFC abnormalities, especially VLPFC hyperactivity, may reflect extension and compensatory recruitment of cortical activity due to inefficient DLPFC functioning (Minzenberg et al, 2009; Tan et al, 2005) . Our MPFC-VLPFC connectivity results suggest that the mechanisms underlying VLPFC recruitment may be different between bipolar disorder and schizophrenia. The bipolar disorder group deviated more from the control group in MPFC-VLPFC connectivity than did the schizophrenia group; this may reflect the greater deficits in emotional processing in bipolar disorder. Notably, extremes of mood are typical of bipolar disorder, whereas flat affect is typical of schizophrenia.
Our previous report used ICA to identify the default mode network in bipolar disorder and schizophrenia, and found reduced MPFC connectivity in both bipolar disorder and schizophrenia patients compared with the healthy controls, thereby confirming the MPFC abnormality in these patients (Ö ngür et al, 2010) . This study focused on MPFC using a seed-driven approach, which allowed us to examine any possible competitive relationships (anticorrelations) from MPFC to other brain regions. The ICA and seed-based analyses provided converging but distinct information. Although both analyses confirmed the abnormal connectivity of the MPFC in bipolar disorder and schizophrenia patients, this study showed that the anticorrelation patterns between MPFC and VLPFC/insula distinguished bipolar disorder from schizophrenia patients.
Even though all patients in the schizophrenia group had comparable SCID diagnoses, these diagnoses do not guarantee that all participants have similar clinical presentation or neurobiological abnormalities. In fact, there is significant heterogeneity within our diagnostic groupings. Although results of the Monte Carlo simulation suggest that our findings were robust against outliers in our modestsized samples, future valid neurobiological assessments are needed to help categorize patients more accurately.
All of the bipolar disorder and schizophrenia participants in this study were taking medications. The participants with bipolar disorder were each taking an antipsychotic medication as well as a mood-stabilizing medication, whereas those with schizophrenia were on one or two antipsychotic medications and a subset were also taking mood-stabilizing medications. The CPZ equivalents for the two groups indicated that the bipolar disorder participants were taking lower doses of antipsychotics as compared with schizophrenia participants, although the difference did not reach statistical significance. There is previous evidence that suggests medication may influence brain connectivity. Antipsychotic medication may cause grey matter volume changes in certain brain structures in schizophrenia (Tomelleri et al, 2009) . Dopamine receptor antagonist has been shown to reduce global and local network efficiency in healthy adult brains (Achard and Bullmore, 2007) . After short-term antipsychotic treatment, first-episode schizophrenia patients showed decreased functional connectivity across brain regions compared with pretreatment (Lui et al, 2010) . However, the patient groups in our study showed increased connectivity compared with healthy controls. Connectivity values did not correlate with CPZ equivalent scores in either patient group in our study. Still, we cannot rule out the influence of antipsychotic medication on our results, as it is unclear as to what the long-term effects of antipsychotic treatment are on brain connectivity. Additional studies are needed to document these effects.
We recruited bipolar disorder participants who were in a manic episode (mean YMRS score 23.5) and schizophrenia participants who were hospitalized with acute exacerbation of psychosis (mean PANSS score 84.7). Within each patient group, we did not find significant relationships between symptom severity and MPFC functional connectivity. We are aware of one study that compared brain activation in a face-viewing paradigm in a bipolar disorder patient cohort during manic and euthymic states (Chen et al, 2010) , but similar work has not been carried out on cortical connectivity. In addition, cross-study comparisons of mania vs euthymia or acute vs stable schizophrenia are not fruitful owing to differences in clinical populations, study design, and data analysis. Future studies are needed to elucidate the relationship between functional connectivity and symptom severity.
It is known that cognition suffers in bipolar disorder and schizophrenia patients during episodes of illness (Lewandowskia et al, 2010) , so it would not be surprising if brain networks underlying cognitive function appeared more abnormal. Likewise, the major disruption in affective regulation seen in bipolar mania may generate or at least amplify the MPFC-VLPFC/insula hyperconnectivity we observed. A broader question is: to what extent does the default mode network, the task-positive network, and the connections between them change dynamically during different mental states? As cognitive task demands impact connectivity in these networks in health and in mental illness (Whitfield-Gabrieli et al, 2009) , it is reasonable to assume that clinical states also have an impact. Our data cannot address this issue, and future resting-state fMRI studies of patient groups in different clinical states will be needed.
Although our analysis approach allowed us to examine local connectivity patterns from a specific seed region in the brain, graph-based analysis has shown great promise in studying large-scaled networks in clinical and healthy populations (Bullmore and Sporns, 2009) . Network metrics such as path length and clustering can provide valuable information on the brain organizational differences among different populations. For example, brain organization in schizophrenia patients has been shown to be less economical and lacked the small-world properties shown in healthy participants (Liu et al, 2008) , and has reduced hierarchies (Bassett et al, 2008) . Future studies should directly compare the large-scaled complex network properties in bipolar disorder and schizophrenia. Based on findings that smallworld network metrics in the brain have high heritability (Smit et al, 2008) , Bullmore and Sporns, (2009) proposed that network metrics could be used as a marker to predict genetic risks for a neuropsychiatric disorder. It is possible that the scale of local connectivity differences of the MPFC observed in this study could also be useful to assess the developmental stages at which individuals might become predisposed to schizophrenia or bipolar disorder.
In summary, MPFC functional connectivity showed both commonalities and differences between the schizophrenia and bipolar disorder groups in this exploratory analysis comparing the two disorders. Both schizophrenia and bipolar disorder participants had deficient anticorrelated activity between the MPFC and DLPFC, and between MPFC and insula/VLPFC, suggesting a decoupling between regions of the default mode network and the task-positive network. The inappropriate high level of connectivity between MPFC and the VLPFC was specific to participants with bipolar disorder, and may reflect the greater prevalence of affective disturbances and extreme mood states in this patient group compared with schizophrenia.
